Background--Few data exist on regional systems of care for the treatment of ST-segment-elevation myocardial infarction (STEMI) in developing countries. Our objective was to describe temporal trends in 30-day mortality and identify predictors of mortality among STEMI patients enrolled in a prospective registry in Brazil.
have less access to health care, including emergency medical services. Globally, several factors contribute to the lack of optimization in the management of STEMI relative to the recommendations of the main national and international guidelines. [6] [7] [8] In fact, approximately one third of the patients eligible for reperfusion therapy in the United States do not achieve recommended door-to-device time of <120 minutes. 9 Worldwide, the implementation of integrated regional care networks for STEMI has improved quality of care with increased rates and speed of reperfusion. 10, 11 However, socioeconomic status and initial treatment at nonspecialized health units are both associated with poorer outcomes. These factors are particularly relevant to developing countries. The Registry of STEMI care of Salvador (RESISST) is a Brazilian registry that includes patients with STEMI who were first seen in small healthcare units or tertiary hospitals in the country's public Unified Health System. Populations of STEMI patients such as this have been poorly represented in existing registries. 5 The primary objective of RESISST was to identify predictors of 30-day mortality among patients with STEMI from a low-to middle-income population. Secondly, we assessed how implementation of an integrated regional care network for STEMI patients was associated with the use of evidence-based medications and with clinical outcomes.
Methods
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure as this was not planned as part of our original institutional review board approval.
Study Population
RESISST was a prospective observational registry that included patients who presented with STEMI and were treated in the public health system of Salvador, Brazil from January 2011 to June 2013. Participants were at least 18 years old; were evaluated for STEMI in a public health unit in Salvador, by the prehospital team of the Mobile Emergency Care Service of the metropolitan region of Salvador, or directly at general hospitals, with clinical and electrocardiographic characteristics suggestive of STEMI; had confirmation of diagnosis of myocardial infarction by cardiac necrosis markers, or had sudden cardiac death at presentation provided that presenting signs and symptoms were consistent with STEMI even without cardiac necrosis marker confirmation. STEMI was diagnosed according to the universal definition: symptoms suggestive of myocardial ischemia and ST-segment-elevation >2 mm in V2-V3 or >1 mm in other contiguous leads, or a new (or presumed-tobe-new) left bundle branch block. 8, 12 Patients with evidence of STEMI up to 48 hours after coronary artery bypass graft surgery, percutaneous coronary intervention (PCI), or any other surgical procedure were excluded. 13 Human subject research regulations were observed in compliance with Resolution 466/12 of the National Health Council, through the National Committee for Ethics in Research. This study was approved by the Research Ethics Committee of Escola Bahiana de Medicina e Sa ude P ublica (no. 020/2011). All patients or, if unable, their guardians signed the informed consent form. No patients were excluded from the study because of lack of informed consent.
Regional Integrated Care Network for STEMI
In Salvador, all healthcare units, the Mobile Emergency Care Service, some participating hospitals, and the Telemedicine Center are interconnected through a Regional Integrated Care Network for STEMI. The complete description of the network has been previously published. 5 In summary, once a patient with suspected STEMI arrives at the healthcare unit or at a participating hospital, and the first ECG is performed, the tracing is forwarded to the STEMI network physicians via the Telemedicine Center, which is responsible for identifying ECG findings of STEMI. The telemedicine system is implemented in 85% of the public healthcare units of Salvador, including all mobile prehospital ambulances, 16 nonspecialized prehospital fixed emergency units (emergency care units), and 7 general hospitals. Patients who first present at a nonspecialized prehospital or hospital may be transferred to 1 of 2 cardiology reference centers (CRCs) with ability to perform primary PCI.
Clinical Perspective
What Is New?
• Few data exist on regional systems of care for the treatment of ST-segment-elevation myocardial infarction (STEMI) in developing countries.
• We investigated temporal trends in 30-day mortality and identified predictors of mortality among STEMI patients enrolled in a prospective registry in Brazil.
What Are the Clinical Implications?
• The implementation of an integrated regional network to establish rapid reperfusion and use of evidence-based therapies for STEMI patients in Salvador, Brazil is feasible and might improve survival.
• There are still opportunities to improve clinical care for STEMI patients in underdeveloped geographic regions of the world.
• This approach should be tested in other regions of the world to potentially improve the care of patients with STEMI. 
Data Collection

Follow-Up
Patient follow-up was performed by visiting the health unit or hospital where the patient was first seen. At 30 days after the event, the patient, guardian, or family member was contacted by phone. At that time, information on mortality, morbidity, and echocardiogram results were collected. Mortality outcome was obtained through the Death Information System. 14 
Statistical Analysis
Categorical variables are expressed as frequencies and percentages, and compared using v 2 test or Fisher exact test. Continuous variables with normal distribution are presented as mean and SD, and are compared using the Student t test for independent samples. Continuous variables with non-normal distribution are presented as median and quartiles (interquartile range), and are compared with a nonparametric Mann-Whitney test.
Multiple imputation was used for missing data. A total of 95.8% of eligible variables had at least 1 missing data, and 69.8% of patients had at least 1 missing variable. The percentage of missing data per variable ranged from 0.2% to 28.1%, with a missing completely at random pattern (test of Little, P=0.369). Six cases in which information about mortality was missing were used for the imputations, but not in the final analysis.
Multivariable analysis was performed to identify factors independently associated with 30-day mortality using multiple logistic regression, with results expressed in odds ratios (OR) and their respective 95% confidence intervals (CI). The model was adjusted for race (white versus nonwhite), diabetes mellitus, dyslipidemia, previous acute myocardial infarction, previous stroke, type of pain at presentation (typical versus atypical versus absent), dyspnea at presentation, STEMI wall (anterior versus nonanterior), admission to a CRC, GRACE score, primary reperfusion (regardless of the method, thrombolysis or primary angioplasty), and 6-month time period. GRACE score was included as a variable to adjust for the baseline risk of the patient. The potential confounding variables not included in the calculation of the GRACE score, identified in univariable analysis with P values up to 0.10, were included in the multivariable models. Collinearity was assessed by the examination of the model variables correlation coefficients and Tolerance/Variance Inflation Factor values. The assumption was met for the variables included. A landmark analysis was conducted to minimize survivor bias. The landmark method was used to evaluate the effect of very-early (24-hour) death as a timedependent variable on a "delayed" outcome (30-day death).
For the analysis of treatment patterns over time, we used 6-month periods as unit of time. Thus, the study comprised the patients who first presented with STEMI at a nonspecialized prehospital or hospital unit until June 2013. The KaplanMeier method was used to estimate the survival functions; the curves were estimated by grouping patients according to the variables selected for the study using log-rank test (MantelCox) for comparison. Hazard ratios were calculated with 95% CI, according to a Cox proportional hazards regression model. 
Results
Baseline Characteristics
During the study period, 520 patients presenting with STEMI at participating public health units or hospitals in Salvador were included. Follow-up information was not available for 6.4% (N=33). Demographic and clinical characteristics of the study population are shown in Table 1 , both overall and stratified by 30-day mortality status. The mean age (AESD) of the population was 62.0 (AE12.2) years, 55.6% were male, and 83.9% were nonwhite. Overall, 76.1% had hypertension, and 36.5% had diabetes mellitus. The mean GRACE score was 145 (AE34). Patients who died in the first 30 days following STEMI (N=78) were older than those who survived (N=442). The patients who died within 30 days following STEMI had a higher prevalence of diabetes mellitus, previous acute myocardial infarction, or stroke. Patients who died within 30 days of STEMI also had a higher mean GRACE score (170.1 versus 140.7 points; P<0.001) at presentation compared with 30-day survivors.
Clinical Presentation
Overall, 18.2% of the patients had no pain or had atypical chest pain at presentation, and 52.5% were initially treated at a nonspecialized hospital, while 47.5% were initially treated at Frequencies are reported as n/total (%), unless otherwise specified. CABG indicates coronary artery bypass graft; CAD, coronary artery disease; GRACE, Global Registry of Acute Coronary Events; MI, myocardial infarction; PCI, percutaneous coronary intervention; RESISST, the Registry of STEMI Care of Salvador; SD, standard deviation; TIA, transient ischemic attack. *Data are provided only for the group of patients for whom information was collected. Numerator/denominator=variable/total number excluding missing data.
prehospital units (Figure 1 ). More than half (60.2%) were transferred to a CRC, and intensive care unit hospitalization occurred for 51.4%. Presentation during nonregular hours occurred in 67.9% of the cases ( Table 2) . The median time between the onset of chest pain and initial presentation was 180 minutes (interquartile range: 66-430). Overall, 15.5% of patients first presented >12 hours after the onset of chest pain. The median time interval between presentation and first ECG was 159 minutes (interquartile range: 70-379).
Management of STEMI
Optimal medical therapy was less frequently administered to patients who died within 30 days compared with those who survived (13.2% versus 32.3%, P=0.001) ( Table 3) proportion of patients with Killip class ≥II at admission between patients who received optimal medical therapy and those who did not (33.6% versus 34.1%; P=0.91).
Coronary angiography was performed in 294 (56.5%) patients presenting with STEMI. Coronary stenosis ≥70% was identified in the right coronary artery territory in 151 (51.4%), the left anterior descending artery territory in 168 (57.1%), and in the left circumflex system in 108 (36.8%).
The number of patients with left main coronary artery stenosis >50% or stenosis of the proximal anterior descending artery >70% was 12 (4.1%) and 62 (21.1%), respectively.
Our temporal analysis (January 2011-June 2013) showed no differences over time in age, sex distribution, comorbidities, symptoms at presentation, or average GRACE score. Regarding medical treatment in the acute stage, there was an Frequencies are reported as n/total (%), unless otherwise specified. CRC indicates cardiology reference center; IQR, interquartile range; ICU, intensive care unit. *Data are provided only for the group of patients for whom information was collected. Numerator/denominator=variable/total number excluding missing data. (Figure 2) . Additionally, the use of optimal medical therapy increased from 21.7% to 30.8% (P=0.078). There was no increase in the use of b-blockers and angiotensin-converting enzyme inhibitor or angiotensin receptor blocker in the acute phase of STEMI throughout the study period. Increased use of primary reperfusion (29.1%-53.8%; P<0.001) was also observed between the first half of 2011 and the same period of 2013, with a greater increase in primary PCI than in fibrinolysis during this period. There was also an increase in transfer to a CRC (44.7%-76.3%; P=0.001). These increases were linear and consistent over time.
Mortality at 30 Days
In total, 78 (15.0%) patients died of any cause within 30 days following STEMI, of whom 73 died in the hospital. The 30-day mortality rate was lower among the patients transferred to a CRC compared with those who were not (4.5% versus 28.4%; P<0.001). A landmark analysis was conducted and similar results were seen when only patients who survived the first 24 hours after STEMI were included (a total of 7 patients died in the first 24 hours). In multivariable analysis, factors independently associated with 30-day mortality were the following: GRACE score (OR 1.195, per 10 units increase), previous stroke (OR 2.626), transfer to a CRC (OR 0.320), and use of optimal medical therapy (OR 0.406) ( Table 4 ). The full model results are presented in Table 5 . Primary reperfusion was not significantly associated with 30-day mortality, even when fibrinolysis and primary PCI were analyzed separately. Figure 3 shows 30-day mortality rates according to being transferred to a CRC and being treated with optimal medical therapy, adjusted for GRACE score and previous stroke. The 30-day mortality rate was higher among patients not transferred to a CRC and not treated with optimal medical therapy (28.4%), followed by patients not transferred to a CRC but treated with optimal medical therapy (10.5%), patients Figure 2 . Use of aspirin, clopidogrel, and statins throughout the study period.
transferred to a CRC but not treated with optimal medical therapy (8.2%), and those transferred to a CRC and treated with optimal medical therapy (4.5%). Figure 4 shows the analysis of 30-day mortality after adjusting for GRACE score, transfer to a CRC, primary reperfusion, optimal medical therapy, and previous stroke. The mortality rate was 19.8% in the first half of 2011 and 5.1% in the first half of 2013. The variable "period of time of patient presentation" was statistically associated with the risk of mortality at 30 days (hazard ratio 0.725, 95% CI, 0.602-0.873; P=0.001).
Discussion
RESISST is a Brazilian registry including patients with STEMI who first presented at healthcare units and general hospitals from the public health system, a population poorly represented in previous registries. Our study highlights major opportunities to improve clinical care for patients with STEMI in Brazil, and potentially in other low-and middle-income countries. We identified a long delay from symptom onset to presentation and from presentation to first ECG, and only half of the patients who presented within 12 hours of symptoms underwent primary reperfusion therapy. Additionally, patients who were transferred to a CRC had better prognosis than those not transferred, although survival bias may explain some of this difference. Finally, the implementation of an integrated regional network to establish rapid reperfusion for STEMI patients in Salvador was significantly associated with more use of evidence-based therapies and with better 30-day survival.
We observed a high 30-day mortality rate among patients with STEMI treated in a low-to middle-income city in Brazil. In international registries, mortality rates ranging from 4.2% to 13% have been reported. 15, 16 Because of the long symptom onset-to-presentation time intervals (median time of 180 minutes), 15.5% of the patients were first seen by a healthcare provider >12 hours after the onset of symptoms. In the most recent international registries, this time interval was at least 60 minutes shorter. 17, 18 Furthermore, among those who presented within 12 hours of symptom onset, primary reperfusion could not be provided to 17.6% because of delay in time-to-first ECG (mean time of 150 minutes). A recent North American registry reported up to 90% use of reperfusion therapies among eligible patients. 18 In our study, 30.4% of individuals with STEMI received medical therapy only, since primary reperfusion was not possible. This, in part, could be a possible explanation why optimal medical therapy was independently associated with mortality, but primary reperfusion was not.
The door-to-needle time in the public health network of Salvador, Bahia, was 178.5 minutes, far exceeding the 23 randomized trial demonstrated the impact of a multifaceted educational intervention leading to a significant increase in the use of evidence-based therapies in patients with acute coronary syndromes in public hospitals in Brazil, which highlights another opportunity to improve care. Some limitations of our study deserve consideration. First, our findings might not be applicable to private hospitals and institutions with higher adherence to evidence-based therapies. However, the Brazilian Unified Health System is used by 75% of the Brazilian population. The mortality rate observed in RESISST is consistent with the figures from the national medical databank 14 regarding mortality by acute myocardial infarction in public hospitals of Salvador, Bahia. Second, this study was restricted to 1 location, and may not reflect the reality of care in other locations and centers of the country. Nevertheless, our study identified patients who had not been investigated in other registries-that is, patients who were Figure 3 . Thirty-day mortality rates according to transfer to the cardiology reference center (CRC) and use of optimal medical therapy (OMT), adjusted for Global Registry of Acute Coronary Events score, primary reperfusion, and previous stroke.
assisted in fixed and mobile prehospital units and public hospitals. Third, the method we used to capture data on STEMI patients, through telemedicine reports, may not have comprised the total targeted population. It is possible that some patients using the public health system may have had STEMI but might not have undergone an ECG evaluation via telemedicine, despite the fact that all patients in emergency care units with complaint of chest pain were referred by their identification algorithm to ECG via the telemedicine center, which is the standard flow for this evaluation in the health network in Salvador. Fourth, detailed information about contraindications to therapies was not systematically collected in this study. Fifth, as our study was observational, unmeasured confounding could be responsible for some of the observed differences. Finally, despite the extensive statistical adjustment performed in our study, including for the GRACE score and Killip class at admission, one cannot exclude the presence of unmeasured confounders, which could have played a role in our findings. Thus, a cause-andeffect relationship between implementing an integrated regional network for STEMI patients and reducing mortality cannot be established. Future studies testing this strategy are warranted.
Conclusion
In patients presenting with STEMI, absence of previous stroke, lower GRACE scores, transfer to a CRC, and receipt of optimal medical therapy were significantly associated with low rates of death at 30 days. The implementation of an integrated regional network to establish rapid reperfusion and use of evidencebased therapies for STEMI patients in Salvador might improve survival. However, this hypothesis still needs to be tested in a prospective well-powered randomized trial. Our findings highlight opportunities to improve clinical care for STEMI patients in underdeveloped geographic regions of the world.
Sources of Funding
A scientific scholarship was offered by the Telemedicine Center (Telemedicina da Bahia) for each medical student. for Global Registry of Acute Coronary Events score, transfer to cardiology reference center, primary reperfusion, optimal medical therapy, and previous stroke.
